week. Radiation was generally administered to the chest wall omitting a full axillary field when axillary dissection was performed, with an individualized approach to the internal mammary chain taking into account the risk of internal node involvement. The systemic treatment was at the medical oncologist discretion but usually was anthracycline based with the addition of anti Her-2 agents when appropriate.
Patient characteristics (age, menopausal status), pathological data (tumor size, LN staging, grade, receptor status), systemic treatment (hormonal, chemotherapy), and clinical outcome (chest wall recurrence, regional recurrence and distal metastatic progression) were analyzed.
The distribution pattern of the clinic-pathological characteristic of the PMR group and the non-irradiated (NR) group were compared by Chi square test. Kaplan-Meier curves of the clinical outcome rates were computed. Multivariate analysis of prognostic factors for LRR was performed using the Cox proportional hazard recurrence regression analysis. The statistical significance was defined as p<0.05. All statistical analysis was performed using Statistical Packages for the Social Sciences software version 18 (SPSS Inc., Chicago, IL, USA).
Results
Eighty-two patients underwent mastectomies for stage II disease with a T1/T2 lesion, 22 (27%) received PMR and 60 (73%) were not irradiated. The median follow up time was 47 months (range, 32-86 months). The clinical and pathological characteristics are summarized in Table 1 . The patients in the PMR group had significantly larger tumors (90% vs. 64%, p=0.01), more advanced stages (55% vs. 17%, p=0.03) and higher-grade histology (59% vs. 32% p=0.04). Menopausal status, nodal disease, histology, multifocality rate and receptors status did not differ significantly between the groups.
During the follow up interval 3 patients in the NR group had a distant recurrence, one with metastatic disease to the bones at 12 months of follow up, the second had liver metastasis at 30 months of follow up and the third had multi organ metastasis with contra lateral breast cancer at 72 months of follow up interval. An additional patient had a contra lateral recurrence at 24 months of follow up. Two patients in PMR group had distal failure one with metastatic disease to the lungs and bones at 45 months of follow up and the second had a large mass in the mediastinum at 13 months of follow. No difference was found in terms of disease-free survival between the 2 groups. In terms of LRR 4/60 (6.7%) patients had a chest wall recurrence in the NR group vs. 0/22 in the PMR group. However, this was not statistically significant. Kaplan Meier analysis of time to LRR in the NR group was performed. Mean time to LRR was 78.9 months, 4% had chest wall recurrence at 1 year, 6% at 3 years and 13% at 5 years. In a univariate analysis of prognostic factors for LRR, the time to LRR was significantly lower in the estrogen receptor (ER) negative group compared to the ER positive group 64 vs. 82 months, p=0.029, (Figure 1 ). LRR free rate at 5 years was 100% in low or moderate grade tumors vs. 53% in high grade tumors, p=0.001, (Figure 2 ). There was a trend for higher LRR rate in the T2 lesions vs.T1 lesions that did not reach statistical significance, p=0.07. Surprisingly all LRR occurred in the node negative group, p=0.003. In terms of treatment variables only hormonal treatment was found significant with a mean time to recurrence of 64.9 months in the non-hormonal treated group vs. 82.3 months in the hormonal treated group, p=0.038. In a Cox regression multivariate analysis, none of those factors maintained their significance.
Discussion and Conclusion
Radiation therapy in general is not an innocuous treatment. Multiple short and long terms side effects such as contra lateral breast cancer and an excess of none breast cancer mortality that mainly involves heart disease and lung cancer has been recognized (2, 7, 8) . Due to these concerns many centers avoided radiation to the internal mammary nodes. The Radiation Oncology and Breast Cancer Groups investigated the effect of extended radiation including internal mammary and supraclavicular nodes, concluding that at median follow up of 10.9 years extended irradiation was associated with improved rates of disease-free survival with reduced rates of breast cancer but without improvement in overall survival (9) . These results are consistent with the MA 20 trial results showing that regional nodal irradiation including internal mammary,
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Eur J Breast Health 2019; 15(2): 71-75 supraclavicular and axillary lymph nodes increased relative disease-free survival by 24% without improvement of overall survival (10) . PMR to the chest wall is associated with additional risks compared to post breast conservation radiation, this additional risk is reflected by the gap found between the reduction in the all-cause mortality (4.4%) and the BC mortality (5.4%), this gap is attributed most probably to PMR since no such gap exists in post breast conserving radiation (2).
Two seminal studies have solidified the indication for PMR for N2 disease (11) (12) (13) . Those same trials reported over 20% decrease in the absolute LRR rate for the 1-3 involved nodes as well; more than 50% of failures were in the chest wall. The extent of the axillary dissection was limited in those two trials with a median of only 7 nodes removed in the Danish (11-12) trials and 11 in the British Colombia trial (13). Marks, however, in an editorial article disagrees with the argument that a more complete dissection would have had an impact on the N staging, showing according to mathematical models that close to 70% of patients will remain in the same N staging even if more nodes would have been removed (4).
In the EBCTG 20-year meta-analysis, the absolute recurrence gain by radiation was 11.5% (45.7% vs. 34.2%) in the N1 group compared to 8.8% (75.1% vs. 66.3%) in the N2 lymph node group. Reduction in the 20-year breast cancer mortality was noted as well, 7.9% gain (50.2% vs. 42.3%) in the N1 group compared to 9.3% gain (80% vs. 70.7%) in the N2 group (14) . Voordeckers demonstrated a survival benefit of more than 6% in a retrospective series of low risk node negative post mastectomy irradiated patients vs. SEER data patients were the only significant difference between the groups was the use of post mastectomy radiation (15) . In a series from MD Anderson Cancer Center evaluating more than a thousand patients who were treated with modern chemotherapy, a 10-year LRR rate of 10% was reported in the 1-3 involved nodes group (16). Recht evaluated a series of over 2000 patients and reported a 10-year failure rate of only 12% in the groups with 1-3 nodes involved (17). Taghian examined 5758 patients enrolled from 5 NSABP trials and reported a 10-year LRR of 10.6% and 15.3% in T1N1 and T2N1 respectively (18) . This lower rate which is partly attributed to superior adjuvant systemic therapy in modern trails reduces the absolute benefit in the intermediate group which is the critical component guiding treatment decisions.
Despite the lower rate of LRR reported in the more recent trials, there seems to be a subgroup of patients in the intermediate group who are at a higher risk and therefore will benefit from PMR as well. In the IBCSG overview, a stratification of patients into risk of LRR was performed. A high risk of LRR (>24%) in the 1-3 involved LN group was identified in the presence of high grade or vascular invasion in premenopausal patients or in the presence of high grade and size >2 cm in postmenopausal patients (19) . In a recent update, the numbers of uninvolved nodes were found to have a significant role as well (20) . In the NSABP overview, age as well the number of involved nodes constituted a risk factor for LRR; patients <50 had a 10-year LRR rate of 19% vs. 12% in the older age group (18) . Another important risk factor was identified in the M.D Anderson series, patients with a ratio <20% involved lymph nodes had 10.4% LRR vs. 25.2% in ratio >20% group. In a subgroup analysis in the latter, patients with tumor <3.5 cm had 17.5% LRR rate vs. 36.3% in tumors >3.5cm (21) . This additional factor may standardize results obtained from series with small number of LN removed. For example, a patient with 2/7 involved nodes, although belonging to the intermediate group according to the N staging would have a high risk (25%) of LRR utilizing the LN ratio factor, this rate is closer to the rates reported in the Danish trials. Indeed, Truong was able to show similar LRR rates between the M.D Anderson series and the Canadian trial using the LN ratio factor.
In the ASCO guidelines the panel agreed that certain factors should be taken into account before reaching a decision to radiate in the intermediate risk group these include: triple negative, lymphovascular invasion, Her2 positive or age <40 (5).
A number of recently retrospective studies reported lower LRR in irradiated treated patients. Hounag compared 163 PMR patients to 155 non-irradiated patients and found 3.1% vs. 11% LRR rate, respectively (22). Macdonald et al. (23) compared 73 radiated patients vs. 165 non-irradiated patients and found a 5-year LRR of 6% in the nonirradiated group vs. none in the radiated group. Both studies included only T1/T2, N1 patients. These rates are similar to the findings in our cohort 6.7% in the NR group vs. none in the irradiated group, bearing in mind that our follow up period was shorter.
There were no specific guidelines for PMR in our cohort and the decision was made at the discretion of the treating physician. Size and grade influenced the decision to radiate patients, thus explaining the 73 higher rate of these factors in the radiated treated patients. For that reason, a true comparative statistical analysis between the PMR and the NR groups is not possible. In fact, the lack of statistically significant difference in LRR between the groups might be explained by the more aggressive tumors included in the PMR group and the relatively small sample size. Nevertheless, a univariate and multivariate analysis of the NR group was possible in an effort to identify specific prognostic factors of local failure. High grade and negative receptor status were associated with chest wall recurrence in the NR group. Size, T2 vs. T1, showed a trend that did not reach statistical significance. Surprisingly, all four LRR occurred in node negative patients, this unexpected finding is partly explained by the selection criteria of our cohort that included only T1N1, T2N0 and T2N1 patients. For that reason, the tumors were larger (all T2) in the node negative group compared to only 40% T2 tumors in the node positive group. In contrast to our study which defined The overall LRR rate in the post mastectomy setting is low and the absolute benefit rate is even smaller. The rate of LRR reported in our trial is 6.7% which in the same range as reported by others (15, 16) . Administering radiation where the overall risk is <10% does not seem to be justified and it is therefore important to define a profile of highrisk patients for LRR within the stage II group. Our study is retrospective in nature and was limited by the small number of patients, even with this limitation we can conclude that hormone receptors negative status, high grade and T2 patients constitute a subgroup of higher risk patients. Further prospective trials randomizing stage II BC patients with T1/T2 lesions, negative hormone receptors and high-grade tumors to PMR following mastectomy vs. no radiation is recommend.
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